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(54) Electrostatic ionising system 

(57) An improved electrostatic ionising system as 
disclosed for use in connection with a spray gun (10), 
having a conductive needle (20) positioned near the centre 
of the spray gun spray pattern (24), the needle (20) having 
a diameter of less than about 250 micrometers and a 
needle tip sharpened to have a radius of curvature of less 
than about 50 micrometers, and a second electrode (18) 
spaced approximately one centimetre from the needle 
(20). 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed forma) copy. 
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ELECTROSTATIC IONISING SYSTEM 


The present invention relates to an electrostatic charging system for atomisers and 
coating applicators; more particularly, the invention relates to an ionising system adapted 
for use in connection with an electrostatic paint applicator. The electrostatic paint 
applicator may be either a hand-held spray gun or may be an automatic spray gun which 
is operable by remote control connections, or a paint powder applicator. The invention 
is primarily useful for applying non-conductive liquids and powders, although the 
principles of the invention also find use in connection with spraying conductive liquids. 

In the field of electrostatic spraying, it is desirable to create an electrostatic field 
in the vicinity between the spray gun and the target or article to be sprayed. The sprayed 
particles are propagated through this field, and the respective particles pick up voltage 
charges as they pass through the field. The charged particles are thereby attracted to the 
article to be sprayed, which is typically maintained at a ground or zero voltage potential 
so as to create an attractive force between the grounded article and the charged particles. 
By this process, it is possible to direct a much higher percentage of sprayed particles to 
the actual article to be sprayed, and thereby the efficiency of spraying is vastly improved 
over conventional methods. 

In a typical electrostatic spraying system, an ionising electrode is placed in the 
vicinity of the spray gun spay orifice, the article to be painted is held at ground potential, 
and an electrostatic field is developed between the ionising electrode and the article. The 
distance between the two electrodes may be of the order of about one foot (30.5cm); 
therefore, the voltage applied to the spray gun electrode must necessarily be quite high in 
order to develop an electrostatic field of sufficient intensity to create a large number of 
ion/particle interactions so as to develop a sufficient attractive force between the paint 
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particles and the target. It is not unusual to apply electrostatic voltages of the order of 
60,000-lCX),000 volts (60-100 kV) to the spray gun electrode in order to achieve a proper 
degree of efficiency in the spraying operation. An ionising current of the order of 50 
microamps typically flows between the grounded article and the spray gun electrode. 

Electrostatic systems of the foregoing type are frequently referred to as corona 
charging systems, because the field intensity creates a corona current from the electrode 
which ionises the air in the vicinity, and the atomised paint particles which pass through 
the region of ionised air pick up the ionised charges and become more readily attracted 
to a grounded or neutral article to be coated. The efficiency of this process can be 
determined by the number of ions n which are applied to a typical particle as it passes 
between the spray gun and the target, according to the relationship 

n = k*En*I; 

where: 

n ^ number of ion charges per droplet; 
k = constant 

E = electrical field strength in the charging zone; 
t = time the droplet is in the charging zone; 
I = ion concentration in the charging zone. 

The electrical field strength in the charging zone must be sufficiently intensive as 
to ionise the air in the vicinity of the electrode (in the charging zone) in order to create 
the corona current described above. 

Electrostatic voltage charging systems can be utilised in connection with spray 
guns whether the primary atomising forces are created by pressurised air, hydraulic 
forces, or centrifugal forces. In each case, it is preferable that the ionising electrode be 
placed at or proximate to the point where atomisation occurs so as to cause the greatest 
number of atomised particles to pass through the ionising field. Electrostatic ionising 
systems can also be used with conductive or non-conductive paint; but in the case of 
conductive paint, the placement of the electrostatic ionising electrode may have to be 
more carefully positioned so as to avoid developing a conductive path through the liquid 


1 


I 


3 


paint column prior to the point of atomisation. In the prior art, the electrostatic electrode 
configuration most often used for satisfactory performance is a needle configuration, 
which permits a high intensity field to develop at the needle tip, wherein the needle is 
positioned at or proximate to the zone of atomisation. In the prior art, these needles are 
typically made from hardened steel material, frequently stainless steel, typically having a 
diameter of about 0.5 millimetres (mm) and projecting forwardly from the nozzle a 
distance of about 2-6 mm. These needles are typically formed from wire material which 
is cut to length, and no attempt is made to provide a sharpened point on the needle. In 
some cases the needle end is rounded. The voltage as applied to such needles is usually 
in the range of 40-100 kV, which develops a relatively high intensity electrostatic field in 
the vicinity of the needle, wherein the electrostatic field lines are formed between the 
needle and usually a grounded article to be painted. The field gradient in volts per 
centimetre (v/cm) is determined by dividing the voltage applied to the needle by the 
distance in centimetres to the second electrode, usually the article, where the field is 
developed. 

It would be a distinct advantage in the field of electrostatic spraying to provide a 
construction having a very high electrostatic field intensity with a considerably lower 
applied voltage than as used in the prior art. For example, reducing the applied voltage 
from 60 kV to IS kV greatly simplifies the technical design of the voltage-producing 
circuitry, reduces the complexity of shielding the electrostatic field from adverse outside 
influences, and increases the overall safety in operating the system. 

It is therefore an object of the present invention is to provide an electrostatic 
system for spray guns, which provides an electrostatic ionising field with considerably 
lower applied voltage than is known in the prior art. 

It is a further object of the present invention to provide an electrostatic system 
wherein a high intensity field is developed over a relatively short distance and in the 
atomisation zone of the spray gun. 
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It is a further object of the present invention to provide a controlled high intensity 
electrostatic field with a needle electrode having a diameter of less than about 2S0 
micrometers (iim) and having a sharpened needle tip. 

The factors that can influence the design of an appropriate electrostatic system 
include the distance between the respective electrodes, the geometry of the electrodes, 
the position of the electrodes relative to the atomised spray, and the type of material 
sprayed by the system. 

The invention provides a construction which achieves a satisfactory field intensity 
E for electrostatic spraying. This is achieved in a preferred embodiment by controlling 
the geometry of the needle and by controlling the placement of the needle electrode 
relative to the second electrode. The needle diameter is selected to be less than about 250 
micrometers (|im), the needle tip is sharpened to have a tip radius of curvature less than 
about SO micrometers (|im), and the electrode spacing is preferably set to approximately 
about 1.5 centimetre (c). The needle is positioned to be relatively near the centre of the 
atomisation zone for the particular spray gun to which it is applied. The electrostatic 
system will develop an ionising current in the range of 20-50 microamp (|iA) with about 
an applied voltage of 15 kV. 

More generally, according to the present invention, there is provided an 
electrostatic ionising system for attachment to an atomiser for emitting a pattern of 
atomised particles, the system comprising: 

an ionising electrode operable in conjunction with a second electrode, such that a 
voltage differential can be developed therebetween to provide an electrostatic field and 
corona discharge for charging particles emitted through the field; whereby: 

the ionising electrode is positioned proximate the pattern of particles and has a 
sharpened edge with a radius of curvature less than about 50|im; and 

the system is arranged such that the second electrode is positioned outside the 
pattern of particles and less than about 2.54 cm from the ionising electrode. 

In one embodiment, the invention is in an electrostatic spray gun having an 
ionising needle operable in conjunction with a second electrode, with a voltage 
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differential developed therebetween, for providing an electrostatic field and corona 
discharge for charging particles emitted through the field by the spray gun, the 
improvement in an ionising system comprising: 

(a) said ionizing needle positioned proximate tiie pattern of particles 
emitted from the spray gun, and said ionising needle having a sharpened 
point witii a radius of curvature less than about fifty micrometers (50 nm); 
and 

(b) said second electrode positioned outside the pattern of particles emitted 
from the spray gun and within about 1 .5 centimetres from said ionising 
needle. 

The ionising needle may further comprise a diameter of less than 250 jam. It may 
also comprise a metallic member having a melting point above 2,300^C, which is 
preferably made from tungsten material. 

The second electrode may comprise a metallic ring positioned about the axis of 
the needle. Alternatively, it may comprise at least one metal sphere positioned along an 
axis passing through and transverse to the axis of the needle. The at least one metal 
sphere preferably has a diameter of at least ten times the diameter of said needle. 

The voltage differential is preferably about 15 kilovolts. 

In another embodiment of the present invention, there is provided an electrostatic 
ionising system for attachment to a spray gun proximate the atomising nozzle which 
emits a pattern of atomised particles, comprising: 

(a) a needle electrode positioned to place a tip of said needle proximate 
the pattern of atomised particles, said needle having a diameter of less 
than 250 micrometers and having a sharpened tip with a radius of 
curvature of less than 50 micrometers. 

(b) a second electrode positioned proximate the pattern of atomised 
particles and within about 1.5 centimetres fi-om said sharpened tip; 
whereby said pattern is between said needle electrode and said second 
electrode; and 
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whereby said pattern is between said needle electrode and said second 
electrode; and 

(c) means for applying a voltage potential difference between said needle 

electrode and said second electrode. 
Preferably » the ionising needle is made from a material having a melting point of 
at least 2,300<^C. 

Optionally, the second electrode comprises a metallic ring concentrically 
positioned about the needle. Alternatively, it may comprise at least two metal spheres 
respectively oppositely positioned along an axis passing through the ionising needle. 

Preferably, the voltage potential difference is about 15 kilovolts. 

In a further embodiment of the present invention, there is provided an 
electrostatic ionising system for attachment to a spray gun proximate a nozzle for 
emitting a pattern of atomised particles, comprising: 

(a) a plurality of ionising wires positioned proximate said pattern 
of atomised particles, each of said plurality of wires having a 
diameter less than SO micrometers; 

(b) a second electrode positioned proximate said pattern of atomised 
particles and within about one centimetre of said plurality of ionising 
wires; and 

(c) means for applying a voltage potential difference between said 
plurality of ionising wires and said second electrode. 

Preferably, the plurality of ionising wires are each made from a material having a 
melting point of at least 1,500^ C. 

In a still further embodiment, the invention is in an electrostatic atomiser having 
an ionising electrode operable in conjunction with a second electrode, with a voltage 
differential developed therebetween, for providing an electrostatic field of corona 
discharge for charging particles emitted through the field by the spray gun, the 
improvement in an ionising system comprising: 


7 


(a) said ionising electrode positioned proximate the pattern of particles 
emitted from the atomiser, and said ionising electrode having a 
sharpened edge with a radius of curvature less than about fifty 
micrometers (SO|im); and 

(b) said second electrode positioned outside the pattern of particles 
emitted from, the atomiser and within about 1.5 centimetres from said 
ionising electrode. 

The ionising electrode may comprise a metallic member having a melting point 
about 2,300° C, which is preferably made from tungsten material, 

Optionally, the second electrode comprises a metallic ring positioned about the 
ionising electrode or at least one metal sphere positioned along an axis passing through 
and transverse to the axis of said ionising electrode* 

Such a metal sphere preferably has a diameter of at least ten times the radius of 
curvature of the edge. 

Embodiments of the present invention will now be described with reference to the 

accompanying drawings, of which: 

Figure 1 shows an isometric view of an electrostatic spray gun having a preferred 
embodiment of the invention; 

Figure 2 shows an isometric view of an electrostatic spray gun having a second 
preferred embodiment of the invention; 

Figure 3 shows a partial cross-section view of the spray gun of Figure 1 ; 

Figure 4 shows a partial cross-section view of the spray gun of Figure 2; 

Figure 5 shows a partial elevation view of a prior art electrostatic needle; 

Figure 6 shows a partial elevation view of the electrostatic needle of the present 
invention; 

Figure 7 shows a diagrammatic view of one form of placement of the needle of 
the present invention; 

Figure 8 shows a diagram of a second form of the present invention; 
Figure 9 shows a diagram of a third form of the invention; and 
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Figure 10 shows a diagram of a fourth form of the invention. 

Figure 1 shows an isometric view of a typical electrostatic spray gun in 
conjunction with the present invention. An electrostatic spray gun 10 has a manually- 
operable trigger 14 for spraying liquid delivered through delivery tube 16 through a 
spray nozzle 12. The electrostatic high voltage is either developed internally by a high 
voltage supply in the spray gun, or delivered to spray gun 10 via a cable IS which 
ultimately places a high voltage on needle 20 in nozzle 12. A pair of grounded spherical 
electrodes 18 are affixed to nozzle 12, and a high intensity electrostatic voltage field is 
developed between needle 20 and spherical electrodes 18. The diameter of each 
spherical electrode 18 should be at least about ten times the diameter of the needle 20. 
The atomised spray is ejected from an orifice at the front of nozzle 12 and is shaped into 
a spray pattern 24. The particles forming the spray pattern 24 are respectively ionised 
by the electrostatic field through which they pass as they are emitted from the orifice in 
the spray nozzle 12. 

Figure 2 shows an alternative embodiment of the electrostatic ionising system 
affixed to spray gun 12. In diis example, a grounded ring electrode 22 is affixed to 
nozzle 12 and surrounds the atomising orifice in nozzle 12. The needle 20 develops a 
high intensity electrostatic field to the ring electrode, and the atomised spray particles 
which form spray pattern 24 pass through the ionising field as they are propagated 
forwardly from the spray gun 10. 

Figure 3 shows a partial cross-section view of the spray gun illustrated in Figure 
1 . The needle 20 projects forwardly from a liquid valve 19 which is interposed into the 
liquid flow path of the spray gun. Needle 20 has a slidable electrical contact 20 A which 
is movable within a tubular resistor 23. Tubular resistor 23 is electrically connected via 
a conductor 17 to a high volume coupler IS. High voltage coupler IS is connected to a 
high voltage source. Therefore, the high voltage is conveyed to needle 20 via the high 
voltage coupler IS, conductor 17, tubular resistor 23, and slidable tab 20A. The liquid 
flow path through spray gun 10 proceeds from liquid delivery tube 16 into the nozzle 
chamber 2S and through the spray orifice 27. Pressurised air is delivered through 
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passages to air cap chamber 37, and outwardly to impinge upon the liquid emanating 
from orifice 27 to cause the liquid to become atomised. Further pressurised air is 
delivered through passages 33 in air cap 35 to impinge upon the atomised particles, and 
thereby lends to "flatten" or shape the atomised particles into a narrowed spray pattern. 
The high voltage electrostatic field developed at the point of needle 20 is developed 
between needle 20 and the grounded spherical electrodes 18. Therefore, a very high 
intensity electrostatic field is found in the vicinity of the sharpened point of needle 20 to 
ionise the liquid particles which generally pass about needle 20 in a forward path. 

Figure 4 shows a partial cross-section view of the spray gun of Figure 2, wherein 
like components have been numbered identically to the components shown in Figure 3. 
In all respects, spray gun 10 of Figure 4 operates identically to spray gun 10 of Figure 3. 
the only difference being the arrangement of the electrostatic ionising system of Figure 4 
versus Figure 3. In Figure 4, electrostatic needle 20 develops a high intensity field with 
the grounded ring electrode 22. This electrostatic field is uniformly dispersed about the 
axis of the atomised particles emanating from orifice 27, thereby ensuring that the 
atomised particles become fully ionised as they are propagated past needle 20. The ring 
electrode 22 shown in Figure 4 is electrically connected to ground potential, as are the 
spherical conductors 18 shown in Figure 3, according to techniques which are well 
known in the art. 

An important realisation of the present invention is the discovery of the improved 
ionising system which can produce a highly efficient coating process without the need for 
electrostatic voltage potentials in the range of 40-100 kV as was heretofore believed 
necessary. This results from a construction which places the voltage electrode within 
less than about one inch (2.54 cm) from the grounded electrode, together with 
constructing the voltage electrode to have an extremely sharp ionising tip or edge. This 
evolves from the recognition that the requisite ionising field intensity is inversely 
proportional to the square root of the radius of curvature of the electrode from which the 
field emanates; i.e. with the same voltage potential applied between the needle and 
ground, a sharp tip can create a much higher local field intensity around the tip than can 
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a more rounded configuration. A higher intensity field causes higher electron emissions 
from the tip, which in turn generates an increased number of ions via a stronger corona 
current, to increase the charge accumulation on paint droplets passing through the 
ionisation zone. The relatively close spacing of the voltage electrode and the grounded 
electrode creates a very highly intense ionising zone, and if this ionising zone is 
positioned in or close to the zone of atomisation the number of droplets which 
accumulate higher charges is also increased. The close spacing of the two electrodes 
does reduce the size of the ionising zone, and therefore the time that a typical droplet is 
in the ionising zone, but this disadvantage is apparently more than offset by the increased 
ionisation density in the ionising zone. The net result, with about 15 kV applied to the 
needle electrode of the present invention, produces a droplet charge accumulation 
equivalent to about 100 kV applied to a conventional electrostatic system. 

The corona current produced by the improved ionising system can range from 
50-100 microamperes (50-100 ^A), and can produce a heating effect at the point of 
emanation from the sharpened tip or edge. Therefore, it is important that a material 
having a relatively high melting point be selected for the needle construction. 

Figure 5 shows an enlarged partial elevation view of a typical needle as known in 
the prior art. Such a needle is typically formed of a hardened steel such as stainless 
steel, and the diameter Dj, is usually about 0.5 millimetres. 

Figure 6 shows an enlarged partial elevation view of the needle of the present 
invention which is preferably formed of an alloy having a high melting point, preferably 
above 2,300^ Celsius (^C). A preferred material for forming needle 20 is tungsten, 
which has a melting point of 3,410° C. Needle 20 has a diameter of Dj, which is 
preferably less than about 250 micrometers (|im). Needle 20 is sharpened to a point 
having a radius of curvature "R". Radius "R" is less than 50 |im and is preferably less 
than 25 |im. 

Figure 7 shows a cross-section diagrammatic view of an alternative embodiment 
of the invention. In the embodiment shown in Figure 7, the components are generally 
cylindrical in shape with a view taken along a diameter of the cylindrical array of 
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components. An air cap 28 forms an outer cylindrical member enclosing a fluid nozzle 
30. A pair of air passages 29 pass between fluid nozzle 30 and air cap 28. Fluid nozzle 
30 has an annular air passage 31 surrounding a correspondingly annular liquid passage 
32. Centred in liquid passage 32 is a grounded rod 34, A needle 36 is connected to a 
high voltage supply 38, the needle 36 having a sharpened point in the zone of 
atomisation of Uquid particles which emanate from liquid passage 32. The Uquid passing 
through passage 32 becomes atomised under the influence of pressurised air through 
passage 31. The atomised particles are "flattened" by air from passages 29 to form a 
shaped, atomised spray pattern in the vicinity proximate the point of needle 36. Figure 8 
shows the same overall embodiment with a different form of high voltage electrode. In 
this case, a needle conductor 40 is connected to a high voltage supply 38; but the ends of 
needle conductor 40 are formed into a plurality of brush needle points 42. The brush 
needle points 42 are each extremely fine wires having individual sharpened points with 
radii of about 15 |im, wherein the points of the brush needle 42 are proximate the zone 
of atomisation for particles emanating from the spray nozzle 26. 

Figure 9 shows a further alternate embodiment of a spray nozzle 44 which utilises 
the electrostatic ionising system described herein. An air cap 46 surrounds a fluid nozzle 
48 which has an orifice 53 projecting through the centre of a grounded air cap face 50. 
Air cap face 50 is metallic and is electrically connected to ground (not shown). Air cap 
46 has two air passages 47 which confine pressurised air for shaping the atomised 
pattern. Further, air passages 54 surround the fluid nozzle 48 and emit pressurised 
atomising air between the outer surface of fluid nozzle 48 and the air cap face 50, 
thereby to atomise liquid particles emanating from orifice 53. The liquid particles are 
admitted into fluid nozzle 48 via a liquid passage 49. A pair of electrostatic needles 52 
are projecting from air cap 46 and are connected to a source of high voltage power (not 
shown). Needle electrodes 52 are of the type generally described in connection with 
this invention having a very narrow diameter and a sharpened point, the respective points 
of the needle electrodes 52 being positioned in the zone of atomisation of nozzle 44. 


12 


Figure 10 shows a further embodiment of a spray nozzle 58 utilising the 
principles of the present invention. In this case, an air cap 62 surrounds a fluid nozzle 
60; and air passages 63 are formed therebetween. The liquid passing through fluid 
nozzle 60 is emitted via orifice 61, ad the pressurised air passing through air passages 63 
are emitted through the annular orifice surrounding fluid nozzle 60, in the region 
between air cap 62 and fluid nozzle 60. A needle electrode 64 is inserted through the 
centre of fluid nozzle 60 and is connected to an electric ground connection. A metal ring 
66, which can be part of the spray nozzle air cap, is formed on the forward periphery of 
air cap 62, and metal ring 66 is connected to a source of high voltage (not shown). In 
this example, the needle electrode 64 is of the type generally described in connection 
with this invention; and the forward point of needle 64 is placed into the atomisation 
zone for the liquid particles emanating from the nozzle 58. The ionising field is 
developed between the point of needle electrode 64 and the circumferential ring 66, 
thereby creating a uniform ionising field through which all of the atomised particles will 
pass. 

In operation, the high voltage supply to the electrostatic needle of the spray gun 
shown in the various embodiments is approximately 15 kV. This voltage will create a 
stable corona current at least in the range of 20-50 microamps (nA) wherein the enter 
corona current flows from the extremely sharpened tip of the electrostatic needle. This 
relatively high corona current put together with the sharpened needle point tends to 
create heat in the vicinity of the needle point; and therefore, it is important that the 
needle be made from a material which has a high melting point in order to maintain the 
sharpness of the needle point when heated. The preferred material for use in connection 
with this invention is tungsten, although carbon, osmium and rhenium also have melting 
points in excess of 3,000© C. Other materials with high melting points which might be 
suitable for use in connection with the invention include boron, molybdenum, niobium, 
tantalum and ruthenium, but other factors such as cost may limit the choices of material. 
In operation, the intensely high electrostatic field which emanates from the sharpened 
point of the needle is distributed to the grounded electrode in such a manner that the 
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electrostatic field is relatively centred in the flow of the atomised particles emanating 
from the spray gun. Therefore, the high proportion of the atomised particles become 
ionised and are electrostatically attracted to the article to be painted, which itself is held 
at ground potential. 

The present invention may be embodied in other specific forms without departing 
from the essential attributes thereof; and it is, therefore, desired that the present 
embodiment be considered in all respects as illustrative and not restrictive, reference 
being made to the appended claims rather than to the foregoing description to indicate 
the scope of the invention. For example, the principles of the present invention could be 
achieved with an electrode having a sharpened edge, even though not in the form of a 
needle if the teachings herein were applied to its construction. 

The aforegoing description has been given by way of example only and it will be 
appreciated by a person stalled in the art that modifications can be made without 
departing from the scope of the present invention. 
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CLAIMS 

1 . An electrostatic ionising system for attachment to an atomiser for emitting a 
pattern of atomised particles, the system comprising: 

an ionising electrode operable in conjunction with a second electrode, such that a 
voltage differential can be developed therebetween to provide an electrostatic field and 
corona discharge for charging particles emitted through the field; whereby: 

the ionising electrode is positioned proximate the pattern of particles and has a 
sharpened edge with a radius of curvature less than about SO|im; and 

the system is arranged such that the second electrode is positioned outside the 
pattern of particles and less than about 2.54 cm from the ionising electrode. 

2. A system as claimed in claim 1, further comprising means for applying a voltage 
potential difference between the ionising electrode and the second electrode. 

3. A system as claimed in claim 1 or 2, arranged such that the second electrode is 
within about l.S cm from the ionising electrode. 

4. A system as claimed in any preceding claim, arranged such that the second 
electrode is within about 1 cm from the ionising electrode. 

5. A system as claimed in any preceding claim, wherein the ionising electrode is a 
needle. 

6. A system as claimed in claim 5, wherein the sharpened edge of the needle is its 
tip. 
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7. A system as claimed in claim 5 or 6, wherein the needle has a diameter of less 
than about 250 iim, 

8. A system as claimed in any of claims 1 to 4, wherein the ionising electrode is a 
plurality of wires each having sharpened tips. 

9. A system as claimed in claim 8, wherein the diameter of each of the wires is 
50 lam or less. 

10. A system as claimed in claim 8 or 9, wherein the sharpened tips have a radius of 
curvature of about IS |im. 

11. A system as claimed in any of claims 8 to 10, wherein the wires are of a material 
having a melting point of at least ISOO^C. 

12. A system as claimed in any preceding claim, wherein the ionising electrode 
comprises a metallic member having a melting point of at least 2,300^C. 

13. A system as claimed in any preceding claim, wherein the ionising electrode is of 
tungsten material. 

14. A system as claimed in any preceding claim, which comprises at least a part of 
the second electrode. 

15. A system as claimed in claim 14, wherein the at least a part of the second 
electrode is a metallic ring positioned about the ionising electrode. 
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16. A system as claimed in claim 14, wherein the at least a part of the second 
electrode is at least one metal sphere positioned along an axis passing through and 
transverse to the longitudinal axis of the ionising electrode. 

17. A system as claimed in claim 16 when dependent upon any of claims 1 to 7, 
wherein the at least one metal sphere has a diameter of at least 10 times the diameter of 
the ionising electrode. 

18. A system as claimed in claim 16 or 17, wherein the at least one metal sphere has 
a diameter of at least 10 dmes the radius of curvature of the sharpened edge. 

19. A system as claimed in any of claims 16 to 18, wherein the at least a part of the 
second electrode is at least two metal spheres. 

20. A system as claimed in any preceding claim, wherein the voltage differential is 
about 15 kV. 

21. An atomiser comprising an electrostatic ionising system as claimed in any 
preceding claim. 

22. An atomiser as claimed in claim 21 in the form of a nozzle for a spray gun. 

23. A spray gun comprising an atomiser as claimed in claim 21 or 22. 

24. An electrostatic ionising system, substantially as hereinbefore described with 
reference to any one, or any combination of, Figures 1 to 4 and 6 to 10 of the 
accompanying drawings. 
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25. An atomiser substantially as hereinbefore described with reference to any one, or 
any combination of, Figures 1 to 4 and 7 to 10 of the accompanying drawings, with or 
without reference to Figure 6. 

26. A spray gun substantially as hereinbefore described with reference to any one, or 
any combination of, Figures 1 to 4 and 7 to 10 of the accompanying drawings, with or 
without reference to Figure 6. 

27. In an electrostatic spray gun having an ionising needle operable in conjunction 
with a second electrode, with a voltage differential developed therebetween, for 
providing an electrostatic field and corona discharge for charging particles emitted 
through the field by the spray gun, the improvement in an ionising system comprising: 

(a) said ionising needle positioned proximate the pattern of particles 
emitted from the spray gun, and said ionising needle having a 
sharpened point with a radius of curvature less than about fifty 
micrometers (50 nm); and 

(b) said second electrode positioned outside the pattern of particles 
emitted from the spray gun and within about 1.5 centimetres from said 
ionising needle. 

28. An electrostatic ionising system for attachment to a spray gun proximate the 
atomising nozzle which emits a pattern of atomised particles, comprising: 

(a) a needle electrode positioned to place a tip of said needle proximate 

the pattern of atomised particles, said needle having a diameter of less 
than 250 micrometers and having a sharpened tip with a radius of 
curvature of less than 50 micrometers; 
(b) a second electrode positioned proximate the pattern of atomised 
particles and within about 1.5 centimetres from said sharpened tip; 
whereby said pattern is between said needle electrode and said 
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second electrode; and 
(c) means for applying a voltage potential difference between said needle 
electrode and said second electrode. 

29. An electrostatic ionising system for attachment to a spray gun proximate a nozzle 
for emitting a pattern of atomised particles, comprising: 

(a) a plurality of ionising wires positioned proximate said pattern of atomised 
particles, each of said plurality of wires having a diameter less than 

50 micrometers; 

(b) a second electrode positioned proximate said pattern of atomised 
particles and within about one centimetre of said plurality of 
ionising wires; and 

(c) means for applying a voltage potential difference between said 
plurality of ionising wires and said second electrode. 

30. In an electrostatic atomiser having an ionising electrode operable in conjunction 
with a second electrode, with a voltage differential developed therebetween, for 
providing an electrostatic field and corona discharge for charging particles emitted 
through the field by the spray gun, the improvement in an ionising system comprising: 

(a) said ionising electrode positioned proximate the pattern of particles 
emitted from the atomiser, and said ionising elecctrode having a 
sharpened edge with a radius of curvature less than about fifty 
micrometers (50 |im); and 

(b) said second electrode positioned outside the pattern of particles 
emitted from the atomiser and within about 1.5 centimetres from said 
ionising electrode. 
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